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Chirality induced spin selectivity, discovered about two decades ago in helical molecules, is a non-equilibrium
effect that emerges from the interplay between geometrical helicity and spin-orbit interactions. Several model
Hamiltonians building on this interplay have been proposed and while these can yield spin-polarized transport
properties that agrees with experimental observations, they simultaneously depend on unrealistic values of the
spin-orbit interaction parameters. It is likely, however, that a common deficit originates from the fact that all
these models are uncorrelated, or, single-electron theories. Therefore, chirality induced spin selectivity is, here,
addressed using a many-body approach, which allows for non-equilibrium conditions and a systematic treatment
of the correlated state. The intrinsic molecular spin-polarization increases by two orders of magnitudes, or
more, compared to the corresponding result in the uncorrelated model. In addition, the electronic structure
responds to varying external magnetic conditions which, therefore, enables comparisons of the currents provided
for different spin-polarizations in one of the (or both) leads between which the molecule is mounted. Using
experimentally feasible parameters and room temperature, the obtained normalized difference between such
currents may be as large as 5 – 10 % for short molecular chains, clearly suggesting the vital importance of
including electron correlations when searching for explanations of the phenomenon.
Chirality induced spin selectivity has recently become a re-
search field on its own merits, and refers back to the sem-
inal work in which the photo current flowing through dou-
ble stranded DNA molecules, mounted on a Au surface, was
shown to be strongly spin-polarized [1, 2]. Due to a combined
effect of the helical structure, spin-orbit interaction, and non-
equilibrium conditions, the current carrying electrons become
spin-polarized. In this fashion, the helical molecular structure
acts as a spin-filter. The chirality induced spin selectivity phe-
nomenon has been shown to not be limited to multi-stranded
helical structures such as double stranded DNA molecules [3]
and bacteriorhodopsin [4], but the effect arises also in, for
example, α-helicial oligopeptides [5–8] and polyalanines [9–
11], and recently also in helicene [12, 13].
On the theoretical side, an enormous effort has been de-
voted to achieve attractable model descriptions which enable
reproduction of the experimental results, in terms of exper-
imentally viable parameters, as well as to generate a sound
comprehension of chirality induced spin selectivity. Different
approaches can be categorized into hydro-dynamical, or, con-
tinuum models [14–22], tight-binding descriptions [23–28],
and ab initio simulations using, for example, density func-
tional theory [29–31].
A necessary condition to generate spin-polarized transport
that emerges in all these theoretical reports is the existence of
an intrinsic spin-orbit coupling alongside the helical geometry
of the molecules. For instance, in Refs. 29, 31, it is demon-
strated that spin-polarized transport cannot be achieved by
spin-orbit interaction alone in non-helical molecules, or solely
by helicity in the absence of spin-orbit interactions. Moreover,
in single stranded helices, a necessary requirement for spin-
polarized transport appears to be a finite spin-orbit interaction
either between nearest-neighboring ionic sites [26] or on-site
[23]. While a finite spin-orbit interaction between nearest-
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neighboring sites may be reasonable when considering, for
example, p-wave hopping, it yet remains an open question
whether the on-site spin-orbit interaction is non-negligible in
the types of organic molecules pertaining to spin selectivity.
By contrast, in double-, or multi-stranded helices this condi-
tion, can be relaxed by introducing inter-helix electron tunnel-
ing [24], since there is an inter-helix spin-orbit interaction that
may be appreciable.
Nevertheless, while all these theoretical approaches are
able to reproduce spin-polarized transport properties, they all
rely on unrealistic spin-orbit interaction parameters. While
the source of this deficit remains unclear, it is, however, likely
to be an effect of the uncorrelated, or, single-electron nature of
these models. Thus far, there has been no attempt to address
the spin selectivity phenomenon in terms of correlated elec-
trons. In this article, the importance of electron-electron in-
teractions in the modeling of spin-selectivity is demonstrated.
To this end, the electronic structure of the helical molecule
is described with a model comprising on-site Coulomb inter-
actions, accompanied by nearest-neighbor hopping and next
nearest-neighbor spin-orbit interactions. Using experimen-
tally feasible parameters at room temperature, it is shown that
the on-set of the local Coulomb interactions may enhance the
local molecular spin-polarization by more than two orders of
magnitude, and increasing the spin-polarization of the current
from negligible (in absence of Coulomb interactions) to a few
percents, or more. The spin-polarization originates under non-
equilibrium from the cooperation of the helical geometry and
the spin-orbit interaction. However, in absence of electronic
correlations, there is no spin exchange introduced and, hence,
the spin-polarization of the electronic ground state remains
negligible. By contrast, finite on-site Coulomb interactions do
provide the necessary exchange between the spin channels, al-
ready at the mean field level, which allows the spontaneously
broken spin symmetry to become finite and viable for spin-
polarized transport.
The generic molecular geometry considered in this article
ar
X
iv
:1
91
0.
12
53
2v
1 
 [c
on
d-
ma
t.m
es
-h
all
]  
28
 O
ct 
20
19
2is described by the set of spatial coordinates
rm =
(
acosϕm,asinϕm, (m−1)c/(MN −1)
)
, (1)
ϕ = (m−1)2pi/N, m = 1, . . . ,MN,
where a and c define the radius and length, respectively, of
the helical structure, as is illustrated in Fig. 1 (a), whereas M
and N denote the number of laps and ions per lap, such that
M = MN is the total number of sites. Each coordinate denotes
an ionic site which is represented by a single electron level de-
scribed by εmψ
†
mψm +Umnm↑nm↓, where ψ†m = (d†m↑ d
†
m↓) (ψm)
is the creation (annihilation) spinor, εm denotes the energy
level at the site, and Um is the electron-electron interaction en-
ergy, whereas nmσ = d
†
mσdmσ, σ =↑,↓, is the electron number
operator. Electron hopping between nearest-neighboring sites
occurs with the energy t, and spin-orbit coupling is picked up
between next-nearest neighbor sites through processes of the
type iλψ†mv
(s)
m ·σψm+2s, s = ±1, where λ denotes the spin-orbit
interaction parameter. The vector v(s)m = dˆm+s × dˆm+2s defines
the chirality of the helical molecule in terms of the unit vectors
dˆm+s = (rm − rm+s)/|rm − rm+s|; here, positive chirality corre-
sponds to right handed helicity. Finally, σ denotes the vector
of Pauli matrices. The chiral molecule comprising M sites
can, thus, be modeled by the Hamiltonian
Hmol =
M∑
m=1
(
εmψ
†
mψm +Umnm↑nm↓
)
− t
M−1∑
m=1
(
ψ†mψm+1 +H.c.
)
+λ
M−2∑
m=1
(
iψ†mv
(+)
m ·σψm+2 +H.c.
)
. (2)
This model is a generalization of the Kane and Mele model
[32–34], including the spin-orbit interaction in all spatial di-
rections and confined to a finite helical molecular structure.
The molecule is coupled to metallic leads by tunneling
interactions HT = ∑p tpψ†pψ1 + ∑q tqψ†qψN + H.c., where the
leads are modeled by Hχ = ∑k∈χ εkσψ†kψk, εkσ = εk + ∆χ/2.
Here, χ = L,R denotes the left (L, k = p) or right (R, k = q)
lead, and ∆χ denotes the spin-gap in the lead. Hence, the full
metal-molecule-metal junction is described by
H =HL +HR +Hmol +HT . (3)
The properties of the electronic structure, for example, the
density of electron states ρm(ω) and spin moment 〈Sm〉, are
connected to the single electron Green functions Gmn(ω) =
〈〈ψm|ψ†n〉〉(ω), through ρm(ω) = isp[G>mm(ω) − G<mm(ω)]/2pi
and 〈Sm〉 = (−i)sp
∫
σG<mm(ω)dω/(4pi), where sp denotes the
trace over spin 1/2 space. Here, all quantities are calculated
using non-equilibrium Green functions G</>mn (ω), for the sake
of capturing non-equilibrium properties of the system.
Concerning the Green functions, two different approaches
are employed, here referred to as uncorrelated and corre-
lated approaches. First in the uncorrelated theory (U = 0),
the Green functions Gmn are given in terms of 2× 2-matrices
spanning over spin 1/2 space. The corresponding equations
of motion can generally by written as g(−1)m Gmm′ = δmm′σ0 +
rm
2 10
18
a
c
t t
iλv2+•σ
iλv2-•σ
t t
iλv1+•σ
iλv4-•σ
t
iλv3+•σ
iλv2-•σ
(b)
(a)
(c)
FIG. 1: (a) Sketch of the helical molecule considered in this text. In
our convention, this molecule has negative chirality (counterclock-
wise helicity). (b), (c), Simplified layouts of molecules with (b) three
and (c) four ionic sites, illustrating possible hopping and spin-orbit
interaction paths. The sketch shows how the molecules are attached
to a left ferromagnetic lead with majority spin up or down, and a
right non-magnetic lead.
ΣmnGnm′ , where the bare Green function gm = gmσ0 in ab-
sence of any predefined spin-polarization, σ0 denotes the two-
dimensional unit matrix, and where summation over repeated
indices is understood.
In the correlated theory, however, the local Hilbert space
is expanded to a four dimensional space due to the expan-
sion dmσ = X0σm +ησX
σ¯2
m [35, 36], where the Hubbard operator
Xpq ≡ |p〉〈q| describes a transition from the (many-body) state
|q〉 to the state |p〉. As a result of the algebra that accompa-
nies the Hubbard operators Xam, the equations of motion for
the Green function become d−1m Gmm′ = Pmm′ +PmmΣmnGnm′ ,
where a bare Green function gm is defined by gm = dmPmm
and where Pmn = δmn{〈{Xam,Xb¯m}〉}ab¯ provides spectral weights
to the transitions involved. A critical difference between the
uncorrelated and correlated approaches is that, while the bare
Green functions gm commute in the former approach they do
not in the latter. This difference in commutation properties
can be traced back to the Coulomb interaction, where the
non-commutativity is a manifestation of the exchange inter-
action introduced by the local Coulomb repulsion. The con-
sequences of this property is discussed in more detail below.
In the present context, the Green functions are provided at the
mean field level, Hubbard I approximation [35, 36], which is
justified for room temperature calculations.
In the present model, a chain of at most three sites cannot
generate a mechanism for spin symmetry breaking. This can,
for instance, be seen through considering the equation of mo-
tion for the Green function at site m = 1, which to the third
3order scattering processes is given by
G−11 =g
−1
1 − tg2t− tg2tg3iλv(−)3 ·σ
− iλv(+)1 ·σg3tg2t− iλv(+)1 ·σg3iλv(−)3 ·σ. (4)
Possible scattering paths are indicated in Fig. 1 (b). In the
trimer chain, the chirality vector v(−)3 ∼ (r3 − r2)× (r2 − r1) =
−(r1−r2)× (r2−r3) ∼ v(+)1 . Hence, in the uncorrelated theory,
the third and fourth contributions on the right hand side of Eq.
(4) exactly cancel each other. Furthermore, the last contribu-
tion becomes spin-independent. By the same argument, any
higher order scattering contribution is spin symmetric which
implies that the uncorrelated theory for a trimer is, by neces-
sity, spin degenerate. Because of the absence of a spin symme-
try breaking mechanism, spin degeneracy is maintained also
for finite electron correlation energy, U > 0.
The conclusion about the preserved spin symmetry is com-
pletely changed for chains with more than three sites. The
reason is that molecules comprising four ionic sites or more,
allow for scattering processes of the fourth order, or higher, in
which the spin-orbit contributions are not necessarily parallel
and which, therefore, open up the possibility for spontaneous
spin symmetry breaking. Considering a four site molecule and
scattering processes pertaining to the spin degrees of freedom,
the two fourth order scattering paths that contribute to the
spin symmetry breaking are depicted in Fig. 1 (c). The chi-
ral geometry of the molecular structure implies that the spin
orbit interactions coming into play in these scattering paths,
through the chirality vectors v(s)m , are inequivalent. To see this,
consider the equation of motion for the Green function at site
m = 1, which contains the fourth order processes
G1 :
g1iλv(+)1 ·σg3tg4iλv(−)4 ·σg2t+g1tg2iλv(+)2 ·σg4tg3λv(−)3 ·σ
= −t2λ2g1g2g3g4
((
v(+)1 ·σ
)(
v(−)4 ·σ
)
+
(
v(+)2 ·σ
)(
v(−)3 ·σ
))
.
(5)
Here, the last equality is obtained by recalling that the bare
Green functions gm and gn commute for all m,n. It is impor-
tant to notice that the involved chirality vectors v(+)1 (v
(+)
2 ) and
v(−)4 (v
(−)
3 ) are not parallel with one another. As an effect, the
product, for example, (v(+)1 ·σ)(v(−)4 ·σ) = v(+)1 · v(−)4 + i(v(+)1 ×
v(−)4 ) ·σ, comprises a cross product which is finite. This non-
vanishing spin-dependent component does indeed open up for
a mechanism for spontaneous spin symmetry breaking.
Before proceeding it is worth to notice that, the fourth or-
der scattering processes also involve paths like, for example,
¬→®→¯→®→¬ and ¬→­→¯→­→¬, mathematically
expressed as g1iλv(+)1 · σg3tg4tg3iλv(−)3 · σ and g1tg2iλv(+)1 ·
σg4iλv(−)4 ·σg2t, respectively. However, since the chirality
vectors v(+)1 (v
(+)
2 ) and v
(−)
3 (v
(−)
4 ) are parallel with each other,
the spin-dependent component vanishes identically, hence,
those processes do not contribute to the spin symmetry break-
ing mechanism.
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FIG. 2: Non-equilibrium (a), (c) electronic and (b), (d) spin-
polarization of a four site molecule in (a), (b) the uncorrelated (U = 0)
and (c), (d) correlated (U = 4Γ0/5) models. The inset in panel
(b) shows the equilibrium spin-polarization. Here, Γ0 = 50 meV,
ΓR = 10ΓL = Γ0, µ− µ0 = 0, V = Γ0/5e, t = 4Γ0/5, λ = Γ0/5, and
T ∼ Γ0/2kB (300 K).
While crucial for the emergence of a spin-polarization, the
chirality and spin-orbit interactions alone is not enough for
the structure to sustain an appreciable spin-polarization. The
reason for this inability can be traced back to the spin sym-
metry breaking mechanism itself. For an order of magnitude
estimate, consider the first contribution in Eq. (5) in the un-
correlated picture, for example, which can be rewritten as
−t2λ2g41
(
v(+)1 ·v(−)4 + i[v(+)1 ×v(−)4 ] ·σ
)
, (6)
where, without loss of generality, the bare Green functions gm
have been replaced by g1 for all m. The energy scale associ-
ated with the spin-polarization generated by the fourth order
scattering processes is, therefore, set by two times the largest
of t2λ2g41|v(+)1 ×v(−)4 | and t2λ2g41|v(+)2 ×v(−)3 |. Clearly, the energy
scale is second order in both the hopping and spin-orbit inter-
action parameters and, hence, the induced spin-polarization is
necessarily small in the uncorrelated picture. This conclusion
does not change by summing to all orders of the analogous
contributions in the higher order scattering processes.
The conclusion drawn above is corroborated by the exact
numerical solution obtained through matrix inversion. The
plots in Fig. 2 (a), (b), show the calculated non-equilibrium
total (a) density of electron states (DOS) and (b) spin-
polarization 〈S z〉(ω) for a molecule with four sites coupled
to non-magnetic leads and with a finite bias voltage applied
across the junction. In absence of electronic correlations, the
spectrum is governed by hopping and spin-orbit interactions,
which renders a symmetric density of electrons states around
the molecular electro-chemical potential εm = ε0, for all m. A
finite spin-polarization is induced in the molecule, as is illus-
trated in Fig. 2 (b), which demonstrates that the spin sym-
4metry spontaneously breaks due to the cooperation of the ge-
ometrical helicity and the spin-orbing interactions. The inset
shows that the equilibrium (V = 0) spin-polarization is neg-
ligible, suggesting that spin symmetry breaking becomes ef-
fective only under non-equilibrium conditions, in agreement
with experimental observations. In these calculations, the en-
ergy scale is set by Γ0 = 50 meV and the couplings to the
leads ΓR = 10ΓL = Γ0, ε0−µ = 0, where µ is the overall chem-
ical potential for the system as a whole and the bias voltage,
V = Γ0/5e. Moreover, t = 4Γ0/5, and λ = Γ0/5, whereas the
temperature T ∼ Γ0/2kB (300 K).
By contrast, electrons correlations, that is, finite electron-
electron interactions U, changes this conclusion quite dramat-
ically. As a way to understand the essential difference with
the uncorrelated picture, again consider the first contribution
in Eq. (5). In the many-body approach employed here, this
contribution has to be rewritten according to
g1iλV(+)1 g3tg4iλV
(−)
4 g2t, (7)
where the matrices t = t(σ0⊗σ0 +σx ⊗σz) and
V(s)m =
(
v(s)m ·σ v(s)m ·σσz
σzv(s)m ·σ σzv(s)m ·σσz
)
. (8)
This is required because of the expansion of the Hilbert space
associated with spin 1/2 to a four dimensional space. More-
over, in this framework the bare Green function gm is the prod-
uct of two matrices, that is, dmPm, which do not commute
([dm,Pm] , 0), in general, as do not the bare Green functions
of different sites. The non-commutativity is a general feature
of any many-body approach in which electron correlations are
included, and is, here, a signature of the exchange interaction
introduced between the spin channels.
The exchange interaction does not by itself provide a mech-
anism for breaking the spin symmetry, something which can
be tested by removing either the helicity and/or the spin-orbit
interactions from the calculations. However, since the spin
symmetry breaking mechanism, introduced by the helicity and
spin-orbit interactions, is an intrinsic property of the system,
the exchange interaction provided through the local Coulomb
repulsion, leads to distinct spin-dependent spectral weights,
for example, P0↑m , P
0↓
m , where P0σm ≡ 〈{X0σm ,Xσ0m }〉. The spec-
tral weights have to be determined self-consistently through
the equations
P(0σ)m =
i
2pi
∫ (∑
σ′
(
G>m(ω)
)
0σ′ −
(
G<m(ω)
)
0σ
)
dω, (9a)
P(σ2)m =
i
2pi
∫ ((
G>m(ω)
)
σ2
−
∑
σ′
(
G<m(ω)
)
σ′2
)
dω, (9b)
where the subscripts on the parentheses signifies which matrix
element to be integrated. Conservation of probability requires
that, for example,
∑
m(P
(0↑)
m +P
(↓2)
m ) = 1. These self-consistent
equations are non-linear in the spectral weights, which may
lead to substantial enhancements of the spin-polarization.
The plots in Fig. 2 (c), (d), display the self-consistently
obtained non-equilibrium total (c) density of electron states
and (d) spin-polarization, calculated under the same condi-
tions as in the uncorrelated case in panels (a), (b), however,
with a finite on-site Coulomb repulsion (U = 4Γ0/5). First,
one notices that the electronic density splits up into two por-
tions and that the overall width is reduced, which are expected
results for correlated electrons. Second, the peaks of the spin-
polarization are about two-orders of magnitude larger than in
the uncorrelated case, which is attributed to the introduction
of local exchange interaction.
Having demonstrated the influence of the exchange on the
spectral properties, the next step is to consider the accompa-
nied transport properties. Experimentally, the current spin-
polarization, SP = (J↑ − J↓)/(J↑ + J↓), can be recorded by, for
example, letting one of the leads be ferromagnetic while the
other one is non-magnetic [12]. Then, Jσ is the charge current
measured with majority spin σ in the ferromagnetic (left) lead
and is, here, calculated through the formula [35]
Jσ =
ie
h
sp
∫
ΓL(σ)
(
fL(ω)G>1 ([Γ
L(σ)];ω)
+ fL(−ω)G<1 ([ΓL(σ)];ω)
)
dω, (10)
where G</>1 ([Γ
L(σ)];ω) indicates that the calculated elec-
tronic properties depend on the spin-polarization in the left
lead through the coupling parameter ΓL(σ). The coupling pa-
rameterΓχ = Γχ(σ0 + pχσz) defines the effective spin-resolved
tunneling rate between the lead χ and the adjacent molecule,
where pχ ∈ [−1,1] denotes the spin-polarization of the tun-
neling rate, whereas Γχ = pi
∑
k∈χ |tk|2ρχ(εk) accounts for the
roles of the tunneling rate tk and the density of electron states
ρχ(εk) in the lead χ.
The plots in Fig. 3 (a), (b), (d), (e), show the non-
equilibrium spin densities resolved per site for a molecule
with eight ionic sites (with energy levels εm − µ0 = −30Γ0,
for all m), as function of the voltage bias applied across the
molecule, where panels (a), (d) [(b), (e)], refer to majority
spin ↑ (↓) in the left lead. In the uncorrelated case, panels
(a) and (b), the spin-densities in the two situations conspicu-
ously point in opposite directions which, nonetheless, is an ex-
pected result caused by the opposite spin-polarizations of the
left lead. Importantly, however, is that the two different con-
ditions render the same degree of spin-polarization, which is a
clear manifestation of the essentially negligible intrinsic spin-
polarization of the chiral molecule. It is, therefore, expected
that the currents resulting from the two different conditions
should be nearly equal, which is also shown in Fig. 3 (c). The
difference between the two currents is of the order of 10−16,
which should be considered as a numerical error. The conclu-
sion do be drawn out of these results is that the uncorrelated
theory (used here) is not capable of capturing a measurable
current spin-polarization. By introducing either on-site and/or
nearest-neighbor spin-orbit interactions, this conclusion can
be revoked [23, 24], however, the energy scale of the induced
spin-polarization remains to be a power law of the spin-orbit
interaction parameters and can, therefore, not viably explain
the large effect observed in experiments.
The situation is markedly changed in the correlated case,
panels (d) and (e), where both the amplitudes and volt-
5FIG. 3: (a), (b), (d), (e) Non-equilibrium spin densities of a molecule
with eight ionic site mounted in the junction between a ferromag-
netic and non-magnetic leads. Panels (a), (b) show results from the
uncorrelated (U = 0) theory whereas panels (c), (d) show the cor-
responding data from the correlated (U = Γ0) theory. The majority
spin in the ferromagnetic lead is (a), (d) up and (b), (e), down. (c),
(f) Current-voltage characteristics for majority spin up (bold, black)
and majority spin down (faint, magenta) in the (c) uncorrelated and
(f) correlated theories. The inset in panel (f) shows the current spin-
polarization (J↑− J↓)/(J↑+ J↓). Here, Γ0 = 10 meV, ΓR = 10ΓL = Γ0,
and ΓL =
∑
σΓ
L
σ with Γ
L
σ = Γ
L(1 +σzσσpL)/2 and pL = 0.5, whereas
µ−µ0 = −30Γ0, t = 4Γ0, λ = Γ0/2, and T ∼ 5Γ0/2kB (300 K).
age dependences alter significantly between the two spin-
polarizations of the leads. Indeed, depending on the major-
ity spin in the left lead, this injected spin-polarization either
competes with, panel (d), or reinforces, panel (e), the intrinsic
spin-polarization of the molecule. Under the latter conditions,
there is an unstable regime (voltages between 50 and 75) in
which the spin-density fluctuates violently between high and
low values, while the amplitude of the spin-density increases
smoothly in the same regime under the former conditions.
As for the transport properties given by means of the many-
body approach, the current through the elastic channel is ex-
pected to be maximal whenever the spin channels are de-
generate, since the probability to tunnel through the junc-
tions is equally distributed between the spins [35, 37]. De-
viations from degenerate conditions tend to decrease the to-
tal current. Here, the non-equilibrium electronic structure is
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FIG. 4: Maximum spin polarization of the current as function of the
number of ions in the molecular chain. Pentagrams indicate results
for molecules with M = 1, . . . ,4, number of laps with 4 ions per lap,
diamonds m = 1,2, laps with 5 ions per lap, and hexagrams a single
lap with 8 and 12 ions. Other parameters are as in Fig. 3.
strongly spin-polarized in both situations however, the latter
spin-polarization is clearly stronger and also more homoge-
neously distributed among the ionic sites. The homogenous
spin-polarization creates a more efficient effective (tunneling)
barrier between the leads for one of the spin channels. There-
fore, in the present situation, it would be expected that the
current in the former case, panel (d), should generate a larger
current than the latter, panel (e). The plot in Fig. 3 (f) verifies
this conjecture, in particular, at high voltages where the dif-
ference between the spin-polarizations is the largest. The in-
set shows the corresponding spin-polarization of the current,
which rises up to more than 4 %. This should be compared
to the essentially vanishing spin-polarization of the current in
the uncorrelated approach.
While the results presented here are obtained for short
chains, up to eight ionic sites, simulations with longer chains
show that the maximum spin-polarization of the current in-
creases with the length of the helix. Indeed, computations of
chains with M × 4, M = 1,2,3, M × 5, M = 1,2, and 1× N,
N = 8,12, see Fig. 4, clearly suggest that the spin-polarization
of the current should increase with increasing number of laps
as well as total number of ions in the molecular chain. The
sign change of the spin-polarization seen in the inset of Fig. 3
(f) is most likely a finite size effect and is not considered sig-
nificant, since it does not appear consistently for increasing
number of sites in the chain.
In conclusion, considering helical molecules it has been
shown that the spin symmetry is spontaneously broken under
non-equilibrium conditions by an interplay of the geometrical
helicity and spin-orbit interactions. However, in any single-
electron theory, the energy associated with the intrinsically
emerging spin-polarization scales as a power law in the spin-
orbit interaction. Therefore, it is argued that a theory with-
6out electronic correlation cannot explain the large degree of
spin-polarization of the transport properties observed in ex-
periments, unless unrealistic values of the spin-orbit interac-
tions are employed. By contrast, using many-body theory and
a model with local electron-electron interactions, it has been
shown that the degree of spin-polarization is enhanced in all
spectral and transport properties considered. Indeed, the local
electron-electron interactions give rise to an exchange inter-
action between the spin channels, which reinforces the chiral-
ity induced spin-polarization by two orders of magnitude or
more. In addition, the correlated electronic structure responds
to varied external magnetic conditions, yielding current spin-
polarizations in the order of several percents for short molec-
ular chains.
The results presented here are obtained for short molec-
ular chains and should be considered as a proof of princi-
ple. Nonetheless, simulations of the spin-polarized current for
longer molecular chains, both with more laps and more total
number of ionic sites comprised in the molecule, suggest that
the presented theory is capable to account also for influences
from the molecular length and periodicity. The amplitude of
the spin-polarization of the current increases as function of
both the number of ionic sites as well as the number of laps,
in good agreement with previous results.
It is likely that additional, more realistic, modeling will fur-
ther enhance the accuracy of the theory. In particular, the
inter-orbital Coulomb interactions that may be included in
structures comprising p-like orbitals, is expected to introduce
an even larger exchange between the spin channels which,
then, should give rise to further enhancements of the spin-
polarization of the transport properties.
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